ABSTRACT
INTRODUCTION
Blunt bowel and mesenteric injuries (BBMI) are rare injuries with high morbidity and mortality, and occur in only 1-5% of blunt abdominal traumas. [1] [2] [3] [4] Accurate diagnosis is of great importance since delayed diagnosis of BBMI may result in serious complications and mortality. Early diagnosis of isolated BBMI is difficult in patients with blunt abdominal trauma as intervention is required. If patients are hemodynamically unstable, detection of suspected bowel and mesenteric injuries is necessary for emergency surgical treatment. [4] [5] [6] [7] However, if patients are hemodynamically stable and no suspicious BBMI is present on MDCT, nonsurgical management is the acceptable standard care for blunt abdominal trauma. However, the true contribution of MDCT in diagnosing BBMI is controversial; [16, 17] there is a wide spectrum of signs correlating with the type, site, and extent of damage on CT. [4] Although CT imaging technology and interpretation has improved greatly in the past decade in terms of detection or exclusion of BBMI, controversy still remains as to how reliable MDCT is in distinguishing surgical from nonsurgical bowel and mesenteric injury. [5] The main goals of this study were to investigate the diagnostic accuracy of MDCT in the detection of bowel and mesenteric injuries, and evaluate the concordance of MDCT findings of BBMI with surgical observations and with different experience levels in radiology.
MATERIALS AND METHODS
The ethics committee of our hospital approved this retrospective case-control study and waived the requirement for informed patient consent.
Patients
Totally, two thousand nine hundred and twenty-three patients with blunt abdominal trauma between January 2007 and December 2012 were enrolled. The test group comprised twenty-seven patients with surgically important BBMI whose diagnoses were confirmed after surgical intervention (23 men and 4 women; mean age, 40.74±16.2 years; age range, 18-76 years). The control group comprised twentyone matched patients without BBMI who underwent laparotomy for trauma during the same time period (16 men and 5 women; mean age, 38.9±14.5 years; age range, 20-68 years) and sixteen-detector computed tomography prior to surgery. Intraoperative findings were compared with MDCT findings.
MDCT Technique and Interpretation
MDCT scans were obtained using a 16-row multidetector CT scanner (Aquilion 16; Toshiba Medical Systems Corporation, Japan). The scanning parameters were as follows: 150 mAs; 120 kV; collimation, 2x16 mm; pitch, 1; section thickness, 3 mm; reconstruction interval, 1 mm; and tube rotation period, 0.5 s. Intravenous iodinated contrast was given according to protocol: 100-120 ml of 350 mg/ml contrast at 3 ml/s. Oral contrast (OC) was not used routinely due to current controversy on using OC in trauma patients. OC use in trauma patients may sometimes cause cervical restraints, a supine position, intoxication, diminished sensorium, nausea, vomiting, need for a nasogastric tube, risks of aspiration, and time constraints with limited visualization of the intestinal tract [10] ; only five patients were administered OC in this study. For single-phase imaging, post-contrast images of the abdomen and pelvis were acquired at 70 s. When necessary, sagittal and coronal images were acquired using the multiplanar reconstruction technique. Scans were also evaluated using the "lung or bone" windows that helped differentiate between abdominal fat and air.
In order to assess the accuracy of different levels of experience on radiology, all CT scans were reevaluated independently by a fourth-year radiology resident and a staff abdominal radiologist, both of whom were blinded to the patients' final outcomes and the initial radiological reports. All evaluations were reviewed using our department's picture archiving and communicating system on liquid crystal display monitors, and the probability of BBMI was recorded. Coronal and sagittal CT reconstructions were available for review, if necessary. Numerous CT signs of bowel and mesenteric injury secondary to blunt trauma have been described in the literature, and our CT findings were based on these descriptions. [17, 18] CT signs of BBMI are intraperitoneal air, retroperitoneal air, mesenteric air, thick bowel wall, abnormal bowel wall enhancement, bowel wall defect, intraperitoneal fluid, retroperitoneal fluid, focal mesenteric hematoma, mesenteric fluid, and mesenteric stranding.
Statistical Analyses
The Χ 2 test was used for the comparison of categorical variables; the Wilcoxon rank-sum test was used for the comparison of continuous variables. Sensitivity, specificity, and positive and negative predictive values were calculated for each reader and each MDCT sign. For evaluating concordance of the diagnoses of BBMI by the two readers, kappa ratio was calculated for each reader. According to the criteria of Landis and Koch, [19] a kappa value of less than 0 indicated less agreement than expected by chance; 0-0.20, slight agreement; 0.21-0.40, fair agreement; 0.41-0.60, moderate agreement; 0.61-0.80, substantial agreement; 0.81-0.99, almost perfect agreement; and 1.0, perfect agreement. Positive and negative likelihood ratios were calculated for individual MDCT signs. A value of p<0.05 was considered to be significant.
RESULTS
Twenty-seven (56%) of 48 patients had surgically proven BBMI and 21 (44%) patients had no BBMI. The BBMI rate detected on MDCT in our study was 0.9% (27/2923). Of the twenty-seven patients with BBMI, 20 (74%) had bowel injury, 3 (11%) had mesenteric injury, and 4 (15%) had bowel and mesenteric injury. The localizations of bowel injury were the ileum, 12 (50%); jejunum, 6 (25%); colon, 3 (13%); jejunumileum, 2 (8%); and ileum-colon, 1 (4%). Forty-two (88%) patients had been involved in a motor vehicle accident. Of the remaining six injuries, four resulted from falls and two form industrial accidents. Peritoneal lavage was not performed for any of the patients. OC was not used routinely; only five patients were given OC in our study.
Sensitivities of the resident and staff radiologist in the diagnosis of bowel and/or mesenteric injury ranged from 74% to 85% and the specificities ranged from 71% to 100%; falsenegative case numbers were 9 and 4 and false-positive case numbers were 2 and 0, respectively ( Fig. 1 ).
High accuracy, specificity, and positive predictive values for MDCT findings in terms of intraperitoneal free air, mesenteric air, thickened (>4-5 mm) bowel wall, increased contrast enhancement on bowel wall, bowel wall defect, and mesenteric hematoma were found among others (Table 1) . Intraperitoneal free air (Fig. 2a) , mesenteric air (Fig. 2b) , thick large bowel (Fig. 2c) , increased bowel wall enhancement (Fig. 2c) , bowel wall defect (Fig. 2d) , focal mesenteric hematoma, and mesenteric fluid and mesenteric stranding (Fig. 2e) showed the best positive likelihood ratios for bowel and/or mesenteric injury. MDCT findings, reviewed by the staff radiologist, were given in Table 2 according to the injury type. The differences in detecting BBMI were statistically significant among readers evaluating inter-observer agreement between reviewers (p<0.01). In case of the staff radiologist, the concordance of the CT findings and operative findings was excellent (kappa ratio: 0.834 [0.81-1, excellent]).
DISCUSSION
MDCT significantly affects the decision on managing non-operative patients without BBMI but with isolated solid-organ injuries. However, the diagnosis of patients with suspected BBMI after blunt trauma is a dilemma and clinical diagnosis of BBMI and differentiation of those requiring surgery from those that can heal clinically is the main problem. [16, 17] Although CT is the best noninvasive modality presently available to diagnose BBMI, several studies report that only CT is unreliable in diagnosing BBMI. [5, 10, 17] Sharma et al. reported that BBMI was not initially diagnosed in 35% (8 of 23) of the patients. [10] Bhagvan et al. [17] stated that the false-negative CT scan incidence was 13% in five hundred and fifty-eight patients with small bowel perforation. It is considered necessary to conduct an urgent exploration for any unexplained and nonspecific CT scan findings in patients with more than one suspicious finding for bowel or mesenteric injury on the CT scan due to the possibility of false negativity. [10] In our study, the false-negative rate was 14.8% (4/27) for the staff radiologist and 33.3% (9/27) for the radiology resident. In terms of evaluations of CT findings, in this study, high accuracy, speci- ficity, and positive predictive values in terms of intraperitoneal free air, mesenteric air, bowel wall thickening, and increased contrast enhancement on bowel wall, bowel wall defect, and mesenteric hematoma were found among others.
Besides the difficulty in performing a CT diagnosis, it warrants optimal technique and skilled interpretation. Atri et al. have found that the staff radiologist is significantly more accurate than the resident in identifying mesenteric injuries (p<0.01). In case of surgically important bowel injuries, significant differences were observed between the sensitivity and specificity values of the staff radiologist and those of the trainees (resident and fellow). [4] In the present study, the difference in detecting BBMI in terms of sensitivity and specificity were statistically significant between the two readers (p<0.01). The concordance of the CT findings with the operative results was excellent in the case of the experienced radiologist (kappa ratio: 0.834).
Several studies report on discrepancies in CT interpretations by residents and staffs. Tieng et al. have reported a 10% discrepancy rate. [20] Yoon et al. [21] have found a 29.9% discrepancy rate in their study. In this study, the false-negative rates were 8.3% (4/48) for the staff radiologist and 18.75% (9/48) for the resident. The staff radiologist had no false-positive rate but the resident had two false positives (4%, 2/48) in our cohort. While our discrepancy rate is moderate at 14.6% 
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(b) (c) (7/48) , it cannot be guaranteed in the current practice. Even one case is very important and if it were to be concluded, a terrific result would have occurred due to this discrepancy. As in many countries, in our institute, general workflow in terms of daily practice is the interpretation given at night by residents. After this initial resident interpretation, secondary review is performed by a staff radiologist within 24 h. This delay may sometimes cause mortality; teleradiology may be a solution for preventing this kind of time delay and consulting with experts during off-hours.
Teleradiology interpretations may assist emergency physicians in making appropriate medical decisions and radiology residents provide initial readings and prevent discrepancies during off-hours. Teleradiology is defined as the electronic transmission of radiographic images between two geographical locations for the purposes of interpretation and consultation. In countries with picture archiving and communication system (PACS) integrated in a regional or national network, image distribution can be organized in a cross-enterprise fashion. In many European countries and in the United States, a large teleradiology network has been established and the DICOM-email is the accepted standard. In several hospitals, teleradiology has become a part of the regular workflow. Image distribution using PACS support home-based (on call) radiologists in emergency situations. [22, 23] There are several limitations to this study. It was retrospective; patients of a specific period of time were reviewed and only patients with blunt abdominal trauma were evaluated. In addition, the CT finding readers were aware of the patients surgically treated but were blinded for the surgical reports; this might have forced the readers to try to find a pathological finding on the CT scans. However, since the staff and resident were informed of the cases in the same manner, no differences existed in the distribution of information to both readers. Moreover, as the CT findings were compared with operative findings, only surgically treated patients were included into the study. In addition, this study included a small number of surgically proven BBMI cases.
Experience in radiology is an important factor causing differences in the interpretation of CT findings and making CT examination more sensitive and specific in terms of decisionmaking on the clinical management (surgery or nonsurgical follow-up). Awareness of BBMI findings on CT scans and experience increase the diagnostic accuracy of CT. However, diagnosis of BBMI is difficult and CT cannot be used as the only diagnostic tool. Close clinical observation, monitoring, and surgical expertise are mandatory for appropriate management. Teleradiology may help in reporting cases from out of hospital and may help to avoid discrepancies. Further studies are needed to better define the sensitivity of teleradiological interpretations for identifying the pathology of trauma.
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